Objectives-The respiratory effects of exposure to welding fumes have been investigated in numerous studies; but results of these studies have not been consistent. The aim of the present study was to investigate the respiratory effects of welding exposure in a large group ofmanual arc welders exposed primarily to mild steel welding processes in confined spaces without respiratory protection. Methods-Respiratory symptoms and spirometry were studied in 110 welders and 55 controls. The welders and controls were of similar average age and height; smoking habits of the groups were similar. Chest x ray films were taken to exclude people with radiological abnormalities that may influence pulmonary function tests. Welders were grouped according to smoking habits and duration of employment (<20 years or >20 years). Results-No gross radiological abnormalities were found. Respiratory symptoms and chronic bronchitis were more prevalent in welders (P < 0.05). Welders who were smokers showed a higher frequency of chronic bronchitis than controls who smoked (P < 0.05). No significant difference in the occurrence of chronic bronchitis was found between welders who smoked and welders who were non-smokers or exsmokers. Compared with the controls, forced vital capacity (FVC), forced expiratory volume in one second (FEV1), peak expiratory flow (PEF), and maximum midexpiratory flow (MMEF) were significantly lower in welders (mean values of FVC for welders and controls were 86-06 (25.74) and 96-40 (13.03); and values for FEV1 were 87-54 (13-70) and 95-36 (12.40) respectively; P < 0-01).
ence in the occurrence of chronic bronchitis was found between welders who smoked and welders who were non-smokers or exsmokers. Compared with the controls, forced vital capacity (FVC), forced expiratory volume in one second (FEV1), peak expiratory flow (PEF), and maximum midexpiratory flow (MMEF) were significantly lower in welders (mean values of FVC for welders and controls were 86-06 (25.74) and 96-40 (13.03); and values for FEV1 were 87-54 and (12. 40) respectively; P < 0-01).
There was no significant difference in pulmonary function tests between welders who were non-smokers and controls who were non-smokers; whereas FVC, FEV1, PEF, and MMEF were significantly lower in welders who smoked than controls who smoked (P < 0-01). There were no significant differences in pulmonary function tests and occurrence of chronic bronchitis between welders with more or less than 20 years at work. Conclusion-Welders working in conditions of inadequate ventilation, have increased risk of chronic bronchitis and impairment of pulmonary function.
(Occup Environ Med 1995;52:800-803) Keywords: welding; occupational lung diseases; spirometry Welding refers to any process of joining pieces of metal at joint faces that have been made soft or liquid by heat or pressure. About 800 000 workers are employed full time as welders worldwide; larger numbers are estimated to perform welding intermittently as part of their work duties. ' One of the most common processes, electric arc welding, is performed with hand held electrodes coated with suitable slag forming flux to protect the arc. The high temperature of the process heats both the base metal pieces to be joined and the filler metal from a consumable electrode or wire, which is fed into the weld. Molten fluxes from the consumable electrodes carry away impurities in a liquid form; and when heated consumable electrodes generate a shielding gas to protect the weld from oxidation. Fluxes are commonly a major source of inhalation exposures.' 2 The material most commonly welded is mild steel; but stainless steel and aluminium welding are also widely practised.2
The adverse health effects of welding come from chemical, physical, and radiation hazards. 2 Several epidemiological studies in welders have been carried out in which the prevalence of respiratory symptoms and pulmonary impairment has been measured. The severity and prevalence of respiratory effects among welders vary in different studies.23 Some have concluded that welders do not have an increased risk of developing respiratory symptoms, whereas others have concluded that they have. [4] [5] [6] [7] [8] [9] The main object of our study was to detect the chronic effects of welding exposure on pulmonary symptoms and pulmonary function tests.
Subjects and methods
Welders comprised all the welders in the workshops of two companies in the municipality of Ankara. Selection was regardles of special types of working procedure or types of electrodes. Welders exposed to any other chemicals known to be injurious to the lung were excluded.
Clerks from the same companies were selected as controls. These were 55 men of similar age distribution and socioeconomic situation, but who had no occupational dust or gas exposure.
Informed consent was obtained after the nature of all the procedures was fully explained to each welder and control.
Each person underwent a detailed medical, social, and occupational history; physical examination; chest radiograph; and spirometry. A modification of the British MRC questionnaire on respiratory symptoms was used.'0 Cough, sputum, dyspnoea, wheeze, fever, chest pain, and other complaints were asked about and "cough and phlegm on most days for as much as three months of the year, for at least two consecutive years" was used as the definition of chronic bonchitis. The questionnaires were administered by one of the authors (00).
All investigations (administering the questionnaire, physical examination, chest x ray film, spirometry) were performed between 8 30 and 10 30 am before the subjects started that day's work.
Welders were grouped according to smoking habits as smoker (currently smoked), exsmoker (stopped smoking for at least three months), and non-smoker (never smoked).
Welders were divided into two groups depending upon duration of employment, group 1 had worked <20 years and group 2 >20 years.
A chest x ray film was obtained on the same equipment for each person. Chest x ray films were mixed and read blindly by two chest physicians to exclude people from the study with radiological abnormalities that may have influenced pulmonary function tests.
Spirometric tests were performed and the following variables were examined: forced vital (8) (9) and the mean age of smoker welders was 34-9 (6'0); the difference was not significant (P = 0-32). Mean age of non-smoking groups was 30-9 (10-8) for controls and 34-3 (7-5) for welders; the difference was not significant (P = 0-31). Because of the selection criteria, the men in group 2 were on average rather older than the group 1 men (39-3 (4-5) v 32X7 (6X2)).
Smoking habits of welders in group 1, welders in group 2, and controls were similar (P = 0X63; degrees of freedom (df) 4, table 2). Cumulative pack-years of smoking were greater for control subjects who smoked (17-27 (12-60)) than for welders who smoked (14-28 (7X80)); but the difference was not significant (P = 0 124; df 112).
No gross radiological abnormalities were detected; no worker was excluded because of such abnormalities. Tables 3 and 4 show Tables 8 and 9 show spirometric variables of welders and controls. The FVC, FEV, PEF, and MMEF were significantly decreased in welders. There were no significant differences between spirometric variables of welders who had never smoked and controls (table  10) . The FVC, FEV,, PEF, and MMEF of welders who smoked showed significant differences from those of controls who smoked (table 11) . The pulmonary function test results of group 1 and group 2 were not different; but in the control group FVC, FEV,, PEF, and MMEF were significantly higher than in groups 1 and 2 (table 12).
Discussion and conclusion
The biological effects of exposure to welding fumes have generated much interest and numerous studies have been carried out in welders. The results of former epidemiological studies have not been consistent.4 These surveys are difficult to compare because of differences in study populations, industrial settings, welding techniques and duration of exposures. In our study, all of the 110 welders were electric arc welders that used mostly mild steel and sometimes aluminium as the base metal. The welders performed welding operations manually in poorly ventilated confined spaces without respiratory protective devices and local exhaust ventilation. For manual metal arc or mild steel welding the primary constituents of the fume are Fe, Mn, Si, Na, Ca, and F. Welding produces several gaseous pollutants through thermal decomposition of the electrode coating. Some aluminum welding processes produce high ozone concentrations.' 2 Respiratory symptoms and chronic bronchitis were more prevalent in welders. Welders who smoked showed a higher frequency of chronic bronchitis than controls who smoked. In welders FVC, FEV1, PEF, and MMEF were significantly lower than in controls. Some previous studies showed no effect of welding exposure on pulmonary function tests.56 Hayden et al showed that welders working in the engineering industry seemed to have no increased risk of chronic obstructive lung disease; and they emphasised that the factories in which their subjects had worked had been spacious and well ventilated.'8 Our welders worked in confined spaces with poor ventilation and without respiratory protective devices. We think that working conditions are important for welders' respiratory health.
There were no differences between the pulmonary function test results of welders and controls who were non-smokers. Welders who smoked had lower FVC, FEV,, PEF, MMEF values than controls who smoked.
In cases of chronic exposures it has often been difficult to differentiate between the effects due to occupation and those due to cigarette smoking. Cigarette smoking may potentiate the effects of dust inhalation by interfering with bronchial clearance mechanisms. It has been further suggested that occupational exposure and cigarette smoking influence lung function in an additive manner. 20 Our results showed that only the differences between welders and controls who smoked were significant. These findings support the results of some of the other studies.9 14 As significant differences were found in spirometry before the workshift, the lung function effects measured are attributed either to an irreversible chronic effect or possibly to a persistent effect from welding the day before. We think that it is necessary to measure lung functions after a long period without welding exposure (for example, after the annual leave).
The frequency of chronic bronchitis and spirometric variables were not different in welders who worked more than 20 years and welders who worked less than 20 years. But mean duration of employment of welders in group 1 was 11-95 (5 60) years (also a very long exposure). Some studies showed a doseresponse relation,49 but McMillan and Heath failed to show any relation between duration of exposure and respiratory disturbance. 17 Our study design was cross sectional and all participants were at work. A problem with cross sectional studies is that only healthy workers who were physically fit tended to remain at work to be surveyed; workers ill due to occupational exposure may have already left the workforce." Chronic bronchitis and impairment of pulmonary function may reduce the working capacity, and welders whose working capacity has been reduced might have already left the workforce. Therefore it can be assumed that there is a healthy worker effect. So we think that the differences found in respiratory symptoms and pulmonary functions between welders and controls are not overestimated.
We conclude that welders have an increased risk of chronic bronchitis and impairment of pulmonary function. It seems that a strong effort should be made to persuade welders to stop smoking, better ventilation should be attained, and welders should wear respiratory protective devices.
